Acronyms and Abbreviations

Introduction
The magnitude and frequency of floods are important factors in the design of bridges, culverts, highway embankments, dams, and other hydraulic structures near streams. Flood magnitude and frequency information also is used in flood-plain management and development, and in establishing flood insurance rates.
The Alabama Department of Transportation (ALDOT) requires accurate flood-frequency information to efficiently design drainage structures for highways in Alabama. To better meet this need, the U.S. Geological Survey (USGS), in cooperation with ALDOT, updated previous flood-frequency estimates on small rural streams by incorporating additional peak flow data collected through the 2003 water year 1 from streamflow gaging stations in Alabama, Mississippi, Georgia, Florida, and Tennessee.
A flood-frequency analysis was conducted on small streams exclusively, to see whether the resulting equations would yield smaller standard errors of prediction than previous analyses. The previous flood-frequency study conducted by Atkins (1996) incorporated a database in which 85 percent of the stations used were larger streams (greater than 15 square miles [mi 2 ]). The intent of the current study was to remove any bias caused by a database dominated by larger streams.
Purpose and Scope
The purpose of this report is to update previous floodfrequency reports for Alabama by providing an alternative method of estimating the magnitude and frequency of floods for small rural streams, and to provide frequency estimates of water year peak flow data at streamflow gaging stations using peaks collected through September 2003. This report includes regression equations for estimating the magnitude of floods for streams having recurrence intervals of 2, 5, 10, 25, 50, 100, 200, and 500 years for ungaged rural streams. These equations are applicable for streams having drainage areas less than 15 mi 2 .
Figure 1.
Locations of physiographic provinces in Alabama (modified from Miller, 1990) . 
Flood Data Used in the Analysis
This study is based on peak flow data collected through water year 2003 at 43 rural streamflow gaging stations ( fig. 2 ), each having a drainage area less than 15 mi 2 . All of the stations used have 10 or more years of record. Of these 43 stations, 27 were located within Alabama and 16 were located near the Alabama State boundary in adjacent States of Florida, Georgia, Mississippi, and Tennessee. Eleven of these 43 stations have drainage areas less than 1 mi 2 , nine have drainage areas ranging from 1 to 3 mi 2 , six have drainage areas ranging from 3 to 6 mi 2 , eight have drainage areas ranging from 6 to 10 mi 2 , and nine have drainage areas ranging from 10 to 15 mi 2 . The peak flow records used in the study were not affected to any great degree by regulation, channelization, or urbanization.
Flood Magnitude and Frequency at Streamflow Gaging Stations
A flood-frequency relation is the relation of peak flow to the probability of exceedance or recurrence interval. Probability of exceedance refers to the chance that a given peak flow will be exceeded in any one year. For example, the probability that a 25-year flood will be exceeded in any given year is 0.04 (or 4-percent chance). Recurrence interval is the reciprocal of the probability of exceedance and is the average number of years between exceedances for a long period of record. A 25-year flood may be expected to be exceeded on the average of once in 25 years, or four times in 100 years. This does not mean that floods occur at uniformly spaced intervals of time; rather, a flood of this magnitude can be exceeded more than once in the same year or can occur in consecutive years.
The flood-frequency relation for a stream where streamflow gaging-station data of 10 or more years of record are available can be defined by fitting a theoretical frequency distribution to the logarithms of water year peak flows (largest instantaneous flow for each water year). The Interagency Advisory Committee on Water Data (1982) has described and recommended a consistent technique for determining flood magnitudes and frequencies by fitting a Pearson Type III distribution to the logarithms of water year peak flows. This
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technique is commonly referred to as the log-Pearson Type III frequency analysis and is generally accepted by most Federal and State agencies. Water year peak flows for each streamflow gaging station used in this study were fitted to the log-Pearson Type III distribution (Interagency Advisory Committee on Water Data, 1982) . Flood magnitudes for recurrence intervals of 2, 5, 10, 25, 50, 100, 200 , and 500 years were computed for each station using the following equation: ,
where Q p is the flood magnitude at a selected exceedance probability, p; M x is the mean of the logarithms of the water year peak flows;
K p is a Pearson Type III factor for a coefficient of skewness (G) computed from the logarithms of the water year peak flows and a selected probability, p; and S x is the standard deviation of the logarithms of the water year peak flows.
The flood magnitudes for the above-mentioned recurrence intervals for each of the streamflow gaging stations are listed in table 1. Station frequency estimates are listed for each of the 43 streamflow gaging stations even though two of the stations were not used in the final regression analyses. Floodfrequency estimates from adjacent states were used strictly to supplement the database; these estimates for sites in other states should not be used for design purposes. Persons needing official flood-frequency data in other states should contact the USGS office in that state.
Flood-Frequency Analysis
The flood magnitudes obtained from station frequency curves were related to basin and climatic characteristics, using generalized least squares (GLS) multiple-regression analysis. The equations resulting from these analyses can be used to estimate flood magnitudes for ungaged basins using the respective basin characteristics. The basin characteristics that were tested for significance in the GLS regression analysis were:
• contributing drainage area (A), in square miles, which is the contributing drainage area upstream from the streamflow gaging station;
• main channel slope (S), in feet per mile, which is the average slope between points that are 10 and 85 percent of the distance from the streamflow gaging station to the basin divide;
• main channel length (L), in miles, which is the length of the main channel between the streamflow gaging station and the basin divide;
• lag-time factor (T), which is a basin lag-time factor, defined by the ratio L/S 1/2 with L and S defined above;
• forest cover (F), in percent, which is the area of forest cover expressed as a percentage of the total contributing drainage area; and
• width to length ratio (W/L), which is the ratio of the average basin width to basin length. The average basin width is the average of the basin widths at points that are 33 and 67 percent of the distance from the streamflow gaging station to the basin divide. The climatic characteristics that were considered and compiled for each station included mean annual precipitation (P) and the 24-hour 2-year rainfall intensity (I 24,2 ). These basin characteristics were computed and checked for each station in the first year of this study.
Multiple regression analyses were performed relating the station frequency curves to basin characteristics using ordinary least squares (OLS) regression techniques. Results of the analysis showed that contributing drainage area, main channel slope, and forest cover were considered to be the explanatory variables of greatest relevance to peak flows predicted at the streamflow gaging stations. Each of these basin characteristics were used in GLS regression analyses.
A plot of the 50-year peak flow and drainage area for all 43 streamflow gaging stations showed that there was no distinct correlation between geographic location and the magnitudes of peak flows at streamflow gaging stations. Neither stations north or south of the Fall Line plotted consistently on one side of a best-fit line through the data points.
Additional analyses were performed using qualitative variables (indicating region) along with cross products of all the variables to determine whether the resulting equations might be improved. Using OLS regression techniques, this exploratory analysis indicated that there was some geographical bias for the smaller recurrence interval floods (2-year to 25-year) for the non-Coastal Plain region of the State (north of Fall Line). This analysis indicated that there should be two sets of regression equations; one for north of the Fall Line for the 2-year to 25-year recurrence intervals, and one equation for south of the Fall Line for the 2-year to 25-year recurrence intervals. The equations for each recurrence interval have the same slope but different intercepts. For each recurrence interval between 50 and 500 years, however, only one equation was needed to estimate floodfrequency values for both regions. When a qualitative variable for a region was incorporated into GLS regression analyses, the resulting equations yielded estimated peak flows that were within 5 percent of the previously developed statewide equations and standard errors that were slightly higher. Consequently, the analyses indicated that using one regression equation for each recurrence interval was not biased and, as such, is applicable statewide.
GLS regression analysis was applied to the study area with contributing drainage area, channel slope, and percent forest cover designated as the explanatory variables used in the analysis. Tasker (1985, 1986) have shown that GLS regression analysis can provide more accurate estimates of regression coefficients and better estimates of the regression model error than OLS regression analysis. OLS regression analysis does not account for the errors associated with estimates of flood magnitude, varying with the length of observed record, nor does it account for the cross correlation of concurrent peak flow data between sites. GLS regression analysis accounts for these errors by using a weighted matrix so that sites are weighted proportionally according to standard errors and the cross correlation of the peak flow estimates. GLS regressions were performed using multiple combinations of the three explanatory variables. These combinations included the following four scenarios: drainage area; drainage area and slope; drainage area and percent forest; and drainage area, slope, and percent forest. The scenario that produced the equations with the lowest standard error included drainage area as the only explanatory variable.
The accuracy of a flood-frequency relation can be expressed in two ways: as the average standard error of prediction (SEp) or as equivalent years of record. The SEp is a measure of how well the regression relation will estimate flood magnitudes when applied to ungaged basins. The SEp can also be expressed as equivalent years of record (Hardison, 1971) . The equivalent years of record represents the number of years of peak flow record necessary to provide a flood estimate with accuracy equal to that of the regional regression flood estimate. For example, the 100-year flood estimate from the regression relation could be estimated with the same degree of accuracy as that which could be obtained from 14 years of actual peak flow record (table 2). After conducting initial regression analyses, a second set of analyses was performed using 41 of the 43 initial streamflow gaging stations. Based on the plot of the 50-year flow and drainage area for all of the streamflow gaging stations, 2  5 3  2  5  3 5  5  10  30  9  25  29  13  50  31  14  100  35  14  200  40  13  500  47  12 two of the stations (Paint Creek near Marble Valley, Alabama, 02407900, and Woods Creek near Hamilton, Alabama, 02437900) were determined to have flood frequencies that were not closely related to the flood frequencies of the other stations. The rating curves (stage and flow relation) for these two sites were poorly defined at the upper end. The larger water year peak flows for both stations were based on extensions of these poorly defined ratings. For this reason, both streamflow gaging stations were excluded in the final regression analysis. Removing these stations lowered the SEp by about 5 percent for floods having a 10-year or greater recurrence interval. The flood-frequency relations developed from this final set of regression analyses are summarized in table 3. The SEp and the equivalent years of record for the regression relations are listed in table 2. A comparison between the SEp for the regional regression equations published by Atkins (1996) and the SEp for the equations presented in this report are provided in table 4.
Use of Flood-Frequency Relations at Gaged Sites 9 Table 3 . Flood-frequency relations for small rural streams in Alabama.
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Use of Flood-Frequency Relations at Gaged Sites
Flood estimates at gaged sites for a selected recurrence interval can be determined best by weighting the regression and station flood estimates for the specified recurrence interval using the number of years of station record and the accuracy of the regression equations expressed as equivalent years of record. This procedure for estimating flood magnitude for a given recurrence interval at gaged sites can be expressed in the following equation (Interagency Advisory Committee on Water Data, 1982): , 
Use of Flood-Frequency Relations at Ungaged Sites
Flood magnitudes at ungaged sites can be estimated by computing the drainage area for the site of interest and then using the appropriate flood-frequency relation from table 3. Flood estimates can be improved if the ungaged site is located on the same stream as a gaged site having 10 or more years of peak flow record and if the drainage area of the ungaged site is equivalent to 0.5 to 1.5 times the drainage area of the gaged site. The weighted flow, Q w , at the gaged site can be transferred to the ungaged site using the equation ,
and a weighted flood estimate at the ungaged site can be computed by the equation ,
where Q u is the flood estimate at the ungaged site after transferring the weighted peak flow from the gaged site, in ft 3 /s; Q w is the weighted flood estimate at the gaged site for the selected recurrence interval, from Table 4 . Comparison of average standard errors of prediction for the four regional regression equations published by Atkins (1996) and average standard errors from statewide regression equations for small rural streams in Alabama. 3 8  5 3  5  3 4  3 6  3 5  3 3  3 5  10  35  35  34  33  30  25  37  35  33  35  29  50  39  36  33  38  31  100  41  37  33  42  35  200  43  39  34  46  40  500  46  43  35  52 47
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Flood-Frequency Relations for Streams in Adjacent States
Flood-frequency relations were developed for 16 streamflow gaging stations that are in adjacent states. These relations were used with those developed for the streams in Alabama to determine the regression equations presented earlier. Floodfrequency relations for sites outside of Alabama will differ from those published in their respective states because of differences in the periods of record used for the studies and the differences in the equations used for best-estimate weighting (table 1).
Summary
Flood flows for recurrence intervals of 2, 5, 10, 25, 50, 100, 200, and 500 years were determined for 27 streamflow gaging stations on small rural streams in Alabama using the logPearson Type III frequency distribution. The data for 25 of these sites in Alabama and for 16 stations in parts of the adjacent States of Florida, Georgia, Mississippi, and Tennessee were used to develop flood-frequency relations, which can be used to estimate flood flows for recurrence intervals of 2, 5, 10, 25, 50, 100, 200, and 500 years for ungaged, unregulated, rural streams in Alabama having drainage areas less than 15 square miles. These flood-frequency relations are applicable where urbanization, channelization, and backwater do not significantly affect the site.
Drainage area was determined to be the most important variable used in predicting flood flow in multiple regression analyses using generalized least-squares methods. These regression methods were used to define the final regression coefficients used in the predictive equations and prediction errors.
